Computer aided detection/diagnosis aims at assisting radiologist in the analysis of digital mammograms. Digital mammogram has emerged as the most popular screening technique for early detection of breast cancer and other abnormalities in human breast tissue. The pectoral muscle represents a predominant density region in most mammograms and can affect/bias the results of image processing methods. This paper addresses the problem of eliminating the pectoral muscles from the mammogram so that further processing for detection and diagnosis of breast cancer is confined to the breast region alone. The proposed work is done in three steps. In the first step, the mammogram is oriented to the left to minimize computations. In the second step the top left quadrant of the mammogram which contains the pectoral muscle is extracted. Next, the pectoral muscle contour is computed using our proposed algorithm. Totally 120 mammogram images were taken up for the study. A comprehensive comparison with manually-drawn contours by the radiologist reveals the strength of the proposed method and shows that it can be effectively used as a preprocessing step in the design of CAD system for breast cancer.
INTRODUCTION
In the US, breast cancer is the most common cancer amongst women and 1 in 8 women in the US have a chance of developing breast cancer in their life time. In the year 2008, there were about 1,82,000 breast cancer cases reported in the US, whereas in India, 1,15,000 new cases were diagnosed. This implies that, though, because of India's population, the percentage of total women affected seems less, the breast cancer burden in India has almost reached about 2/3rds of that of the US and is steadily rising [1] . India is experiencing an unprecedented rise in the number of breast cancer cases across all sections of society, as are also other countries. There is no way we can prevent breast cancer, but we can definitely detect it early and treat adequately. Achieving this will lead to better long term survival as well as a better quality of life. According to Indian council of medical research statistics, 10,000 breast cancers are being diagnosed every year in India and more than 70% of them are diagnosed in advanced stage [2] . By 2020, the incidence of breast cancer in India is expected to double. The cancer registries' data shows that urban women are at almost having double the risk of breast cancer than rural women [3] . The Indian Cancer Society as declared 2013 as a breast cancer awareness year and is taking various initiatives to create awareness in people.
Breast Cancer and Mammograms
A mammogram is an X-ray image of the breast and it is used to aid in the early detection and diagnosis of breast diseases in men and women. Currently it is recommended that women above 40 years have to regular undergo mammogram check every year for early detection of breast cancer. It can also be used to detect and diagnose breast disease in women experiencing symptoms such as a lump, pain or nipple discharge. A digital mammogram is shown in Fig. 1 . 
Pectoral Muscle and Need for its Elimination
The pectoral muscle is a thick, fan-shaped muscle, situated at the upper front (anterior) of the chest wall. It makes up the bulk of the chest muscles in the male and lies under the breast in the female.
The pectoral muscle appears as a triangular opacity across the upper posterior margin of the image [4] as shown in Fig. 1 . The pectoral muscle in medio-lateral oblique (MLO) mammogram images is one of the high intensity landmarks in the breast. As it can bias and affect the results of any mammogram processing method, it is often necessary to automatically identify and segment the pectoral muscle prior to breast tissue image analysis. The wide variability in the position of the muscle contour, together with the similarity between in muscle and breast tissues makes this a difficult task.
LITERATURE REVIEW
In the literature, various methods for automatic pectoral muscle segmentation have been proposed. Pectoral boundary has been approximated by straight line in [5, 6] . The work in [7] uses the Hough transform to identify the pectoral muscle as a straight line edge in the mammogram. Watershed transform to the gradient of an image and merging algorithm was proposed in [8] to fuse the over segmented pectoral muscle region to acquire the pectoral muscle boundary. Seeded region growing algorithmwas implemented for pectoral muscle removal in [9] . Multi resolution technique using Gabor wavelets was proposed for identification of the pectoral muscle in [10] .
Detection of pectoral muscle boundary based on discrete Markov chain model (DTMC) and active contour model was proposed in [11] , while the work in [12] detected the pectoral muscle contour using support vector regression models. Rough border of the pectoral muscle was found by combining the iterative Otsu thresholding and the mathematical morphological processing in [13] . Here the multiple regression analysis (MRA) is employed to obtain the pectoral muscle. In our previous work histogram-based thresholding technique and connected component labeling is employed for pectoral muscle suppression [14] .An active contours and a stopping algorithm was employed in [15] to find the pectoral muscle boundary.
METHODOLOGY AND RESULTS
As an initial step the high intensity artifacts present in the image is removed by applying connected component labeling. The biggest component which contains the breast profile including the pectoral muscle is retained and the remaining components are removed as shown in Fig. 2 . The steps proposed to remove the pectoral region are as follows:
1. 1024 x 1024 size artifact less MLO mammogram is taken as input as shown in Fig. 3a . 2. To make processing easy the right MLO mammogram is flipped before removing the pectoral region. 3. The given MLO mammogram image is partitioned into four quadrants of 512 x 512 each. The top left quadrant 512 x 512, which contains the pectoral muscle is the region of interest and at the pixels of the other three quadrants are changed to black as shown in Fig. 3b and Fig. 3c . 4. The top left quadrant given in Fig. 3c . is processed further to detect the pectoral muscle and the steps involved are as follows: i. The upper quadrant is divided into 4 parts of size 128 X 512 as shown in Fig.4a . ii. Then pixel at location (128,512) is taken as point A and the non-zero pixel in the last row (512 th row) is taken as point B as shown in Fig.4b . iii. The region above line AB which contains the pectoral region (Fig. 4c. ) is now thresholded with the value of 176 to obtain the binary image as shown in Fig. 4d . The threshold value of 176 is found out experimentally as the pectoral region appears as high intensity regions in the mammogram. 5. The binary image is compared with the original image and the pectoral muscle is removed by replacing the original image with intensity value of zero in the locations where the intensity is 255 in the binary image. The results are shown in Fig. 5a , Fig. 5b and Fig. 5c . In totality 120 mammogram images from the Mini-Mias database were taken up for the study and this work has been implemented in MATLAB. The results obtained were compared with manually drawn contours by the radiologist and the accuracy obtained was 85%. Out of 120 images 11 images got over segmented and 7 images got under segmented and the true positive rate achieved was 90.2%. Visual inspection of the results reveals that there was over segmentation of the breast in case with dense tissue. Table 1 shows the comparison between proposed work and previous works. 
CONCLUSION
A new method for pectoral muscle detection and elimination is proposed in this paper. Totally 120 mammogram images were taken up for the study. The accuracy obtained was 85% and the true positive rate achieved was 90.2%. There was over segmentation in case of breast with dense parenchyma. This is justified because there is only a slight intensity variation between dense breast tissue and pectoral muscle and the pectoral boundary is ill defined in the case of dense breast. A comprehensive comparison with manually-drawn contours by the radiologist reveals the strength of the proposed method.
The results further show that the proposed method can be effectively used as a preprocessing step in the design of CAD system for breast cancer. 
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